Background: In uveal melanoma (UM) with metastatic disease limited to the liver, the effect of an intrahepatic treatment on survival is unknown. We investigated prospectively the efficacy and toxicity of hepatic intra-arterial (HIA) versus systemic (IV) fotemustine in patients with liver metastases from UM.
introduction Uveal melanoma (UM) is a rare disease arising from the pigmented uveal tract of the eye. The incidence in Europe is 4.4 cases per million, varying between 2 in the south to 8 in the north of Europe [1] . Around 5% of patients with UM have distant metastases at diagnosis. Metastases appear usually within a median of 3 years after the treatment of the primary tumor with a range between 1 and 10 years. There is an unexplained hepato-tropism with the liver being the first site of metastases in up to 90% of patients and is the only site in 46% of them [2] . Some clinical and histological features may predict the development of metastases, tumor size being the most significant [3] . But chromosomal alterations like loss of chromosome 3 [4] or gene expression profiling have allowed to separate UM with a good or poor prognosis [5] . It has been postulated recently that, inactivating somatic mutation of BRCA-1 associate protein 1 (BAP1) on chromosome 3 might be one of the main genetic events for the acquisition of metastatic potential [6] .
At present, there are no standard therapies for metastatic disease, and the treatments used for cutaneous melanoma have resulted in minimal efficacy [7] . The liver being the main site of metastasis and carrying a worse prognosis, efforts were made to develop locoregional intrahepatic strategies.
The rationale for HIA treatment is based on the fact that metastases are fed primarily by the hepatic artery whereas the normal liver tissue is supplied by the portal vein. HIA chemotherapy using fotemustine has been shown to produce a high RR and encouraging median OS between 14 and 22 months were reported [8, 9] . The prospective randomized phase III trial (EORTC 18021) thus aimed to compare the efficacy and safety of HIA versus IV fotemustine in UM patients with metastases in liver only.
patients and methods
patients Eligible patients were ≥18 years old, untreated, with histologically proven liver metastases from UM. Patients with extrahepatic metastases, severe cardiac disease or active duodenal ulceration were excluded. World Health Organization (WHO) performance status (PS) 0-2, absolute neutrophile count (ANC) ≥2.0 × 10 9 /l, platelets count ≥100 × 10 9 /l, hemoglobin ≥10 g/dl and ASAT/ALAT, alkaline phosphatase, γ-glutamyltransferase, LDH <5 × the upper normal limit (UNL), total bilirubin and serum creatinine <1.5 × UNL were required. Women of child bearing potential and men should be using an effective method of contraception.
The protocol was approved by the EORTC protocol review committee and local ethical committees of the participating institutions. A written informed consent was obtained from all patients before randomization in accordance with the declaration of Helsinki.
study design and treatment
The study is an open label randomized trial. Patients were centrally randomized to receive either IV or HIA fotemustine in a 1:1 ratio, using the minimization technique with stratification for PS (0 versus 1 versus 2), LDH (normal versus abnormal) and institution [10, 11] . The treatment schedule and dose modifications are reported in supplementary data, available at Annals of Oncology online.
treatment evaluation
The primary objective was to compare the overall survival (OS) defined as the time from date of randomization to the date of death from any cause. The secondary end points were progression-free survival (PFS), response rate (RR), pattern of progression, treatment-related toxicities and catheter-related complications. PFS was measured from the date of randomization to the date of progression or death. RR was based on measurable lesions according to RECIST criteria version 1.0. Tumor measurements were assessed radiologically by CT scan or MRI before start of treatment, then at week 7 from randomization before the maintenance treatment phase, then every 9 weeks, similarly in both arms, without central review. Stable disease was thus confirmed every 9 weeks. All responses had to be confirmed not <4 weeks after the first evaluation. Treatment-related toxicities were evaluated according to CTC version 2.0.
statistical analysis
The study aimed to detect a 50% increase in the median OS between the IV (8 months) and the HIA arms (12 months), corresponding to a hazard ratio (HR) of 0.67 (two-sided α = 0.05 and β = 0.15). A total of 262 patients were foreseen to be randomized over 3 years, of whom 220 had to be followed till death.
Due to a slow accrual, an unplanned interim futility analysis was recommended by the EORTC independent data monitoring committee (IDMC). At the time of the interim analysis, 134 deaths were recorded. Using a O'Brien-Fleming boundary, the observed treatment HR had to be >0.88 in order to reject the hypothesis of superiority in OS of HIA over IV, with a power of 80% [12] . This was the case, so the IDMC recommended closing the trial to patient's entry early for futility.
The Kaplan-Meier technique was used to estimate survival-type distributions, and standard errors (SE) of the estimates were obtained via Greenwood formula [13] . The log-rank two-sided test was used for the comparison of the treatment outcome. The 95% confidence interval (CI) of medians was obtained via the Brookmeyer and Crowley's nonparametric method. The Cox proportional hazards model was used to adjust the treatment comparison by factors used at randomization (LDH and performance status). This model provided an estimated treatment HR, its confidence interval with a boundary proper to each analysis (first and final), and a P-value (Wald test).
Main efficacy analyses were carried out in the intention-to-treat (ITT) population: all patients were considered in their initial randomized arm. Sensitivity analyses for OS and PFS were carried out in all patients who actually started the treatment allocated by randomization. A second sensitivity analysis was carried out for PFS analysis by censoring the follow-up at the time of cross-over to the other arm. SAS 9.2 software (SAS Institute, Inc., Cary, NC) was used for statistical analyses.
results
From February 2005 to February 2011, 171 patients were randomized. The primary OS analysis was based on a clinical cutoff date of 20 March 2012 by which time 155 patients had died and 16 were still alive. The median follow-up from randomization for the entire study was 5, 6 years (range 0.25-6 years) similar in the two treatment groups. For the 16 patients alive, it was 1.6 years (range 0.25-6 years). Overall, 30 patients were still alive 2 years after randomization. The efficacy population consisted in 86 in the HIA arm and 85 in the IV arm. Patient characteristics were well balanced between treatment arms (supplementary Table S1 , available at Annals of Oncology online). However, in a small subgroup of patients with LDH > ULN, an unbalance favoring the IV arm was observed, with 2 (2.4%) >2 × UNL compared with 11 (12%) in the HIA arm.
Three patients were considered ineligible in the HIA arm: two with metastases outside the liver, one with LDH >5 × the UNL (supplementary Figure S1 , available at Annals of Oncology online). Among the patients treated, the reason for stopping treatment was tumor progression or death in 37 patients (56.1%) in the HIA arm and 59 patients (71.1%) in the IV arm. The median (range) number of fotemustine cycles administered was 4 (1-17) and 3 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) in the HIA and IV arms, respectively. Treatment discontinuation due to toxicity occurred in 14 (21.2%) (hematological n = 7, hepatic n = 3, septic shock n = 2, gastric ulcer n = 1, arterial thrombosis n = 1) and 22 (26.5%) patients (hematological n = 21, fatigue n = 1), respectively. In addition, in the HIA arm, 11 patients (16.7%) went off treatment due to catheter dysfunction. Since 20 patients in the HIA arm and 2 patients in the IV arm and did not start the protocol treatment, safety analysis was done on 66 and 83 patients, respectively. The initial stratification factors had an impact on OS. Patients with a PS 0 had a longer median OS than patients with a PS 1 (14.7 versus 9.5 months) (supplementary Figure S2 , available at Annals of Oncology online). The median OS was 16.3 months when LDH ≤ UNL, 10.3 months when LDH between UNL and ≤2 × UNL, and 4.6 months when LDH >2 × UNL (supplementary Figure S3 , available at Annals of Oncology online).
In the ITT analysis, there were 9 (10.5%) responses (1 complete, 8 partial) observed among the 86 patients in the HIA arm and 2 partial responses (2.4%) among 85 patients in the IV arm (P = 0.057). And considering the patients who started the protocol treatment (9/66 = 13.6% versus 2/83 = 2.4%), the difference was significant (P = 0.02). The median time to progression of the responding patients was 9.0 and 8.3 months in HIA and IV arms, respectively. Disease stabilization was reported 33 (38.4%) versus 44 (51.8%) in the HIA and IV arm, respectively.
For the whole cohort of 171 patients, the median PFS was 4 months. On an ITT basis, there was a statistically significant (P = 0.002) increase in PFS in favor of HIA (HR, 0.62; 95% CI 0.45-0.84) ( Figure 2 ). The median PFS was 4.5 months (95% CI 4.1-6.0) and 3.7 months (95% CI 2.0-4.1) for HIA and IV arms, respectively, and the 1-year PFS rate was 19% versus 8%. Adjusting by initial stratification factors (PS and LDH), treatment comparison provided similar results. Considering only the patients who started the treatment allocated by randomization, the HR was 0.53 (95% CI 0.38-0.75), and 0.49 when adjusted for PS and LDH (three-categorical variable). The 1-year PFS rate was 24% in the HIA arm versus 8% in the IV arm.
The initial PS (1 versus 0) had no impact on PFS (HR 0.84). Nevertheless, PFS was influenced by pretreatment LDH levels considered as either two or as three variables: the 6-month PFS rate was 40.4% (SE 4.9%), 28.8% (SE 5.9%) and 7.7% (SE 7.4%) when LDH was ≤UNL or UNL ≤ 2 × UNL or >2 × UNL, respectively (Wald test P = 0.04).
First progression in the liver was observed in 54.8% in the HIA arm compared with 89, 4% of the IV arm, whereas extrahepatic progression occurred in 26.2% in HIA arm and 5.0% in the IV arm. When off study treatment, 25 patients in the HIA arm received IV fotemustine, 3 had other intrahepatic therapies and all the remaining had systemic dacarbazine-based treatments. In the IV arm, one patient received HIA fotemustine and four had other intrahepatic treatments. Five additional patients with later progressions received intrahepatic treatment.
toxicity
The toxicity is summarized in Table 1 . Hematological toxicity was more frequent in the IV than in the HIA arm. Thus, thrombocytopenia grade ≥3 was observed in 42.1% and in 21.2% in the IV and HIA arm, respectively. Neutropenia grade ≥3 was 62.6% in the IV arm and 28.7% in the HIA arm. But the 
% patients progression-free and alive
Logrank test: P = 0.002 incidence of infection or febrile neutropenia was not significantly different between the two arms. The nonhematological toxicity was mainly related to HIA therapy, with abdominal pain grade ≥3 in 12.1% of patients, and gastric ulcer in 3% of them. Moreover, 31.8% had catheter-induced complications (stenosis, thrombosis, dissection or misperfusion) and 4.5% had liver toxicity grade ≥3 ( partial necrosis, impaired liver function tests). Two toxic deaths occurred in the HIA arm, one due to a septic shock and the other to a mesenteric artery thrombosis followed by a sepsis, and none in the IV arm.
discussion
UM is an orphan disease for which large prospective studies do not exist and for which no efficient treatment is known in advanced stage. We present here the largest prospective randomized trial ever conducted that aimed to determine the actual outcome of patients with metastatic disease to the liver treated by an investigational approach through a locoregional treatment in the liver and compared with a similar cohort receiving intravenous chemotherapy. Over the years, chemotherapy of metastatic UM has been tested mainly in multiple phase II trials of small and highly selected populations. It was based on regimens extrapolated from cutaneous melanoma. But these are two distinct diseases with a different pattern of metastases and different genetic profiles [2] . Activating V600E mutation of B-RAF has not been observed in UM [14] . On the contrary, 86% of UM exhibits GNAQ/11 mutations [15, 16] .
Single-agent treatment with dacarbazine or temozolomide has been recognized as standard chemotherapy for metastatic cutaneous melanoma. Their activity in UM has been limited to a small phase II trials, where no responses were reported and the median survival was 6.7 months [17] . Fotemustine is a third-generation nitrosurea that was shown to be as active as dacarbazine in cutaneous melanoma [18] . In UM, its IV administration however has been tested in association with interferon α and IL-2 in 25 patients with an 8% RR and a 12.3-month median OS [19] . Interestingly, the same group treated another cohort of 23 patients with HIA Fotemustine and obtained a 22% RR and similar median survival [19] . Fotemustine has been accepted in some countries in Europe as a treatment option. Due to its high liver extraction rate at first pass, fotemustine has been also tested as a HIA administration. The results of a few phase II studies confirmed a RR ranging from 22% to 40%, and a median OS of 12-24 months [8, 9] . Multiple prognostic factors might have influenced these results when compared with the IV administration, and the strongest factor in multivariate analysis has been the LDH level [8] .
We thus conducted a randomized trial balanced for the most important prognostic factors in order to compare the clinical outcome of patients with only liver metastases treated with the same chemotherapy administered either HIA or IV.
Our study confirmed that IV fotemustine led to a low RR (2.4%) and a high rate of progression (41.2%). These results are in line with any IV chemotherapy regimens [7] . The HIA fotemustine obtained a higher RR at 13.6% when considering patients that received the treatment as per protocol. It was however lower than the ones reported in the previous phase II trials.
In our study, PFS was influenced by the treatment type with a median PFS of 4.5 and 3.7 months for the HIA and IV, respectively. When considering only patients that received the treatment according to protocol, the 1-year PFS was 24% in HIA and 8% in IV arm. The most recent small phase II studies of IV therapies had median PFS ranging from 1.9 to 3 months [20] .
The main end point of our study was however OS. The improved RR and PFS did not translate into a significant difference in median OS that was ∼14 months in both arms. Crossover or second-line treatments are unlikely to have had a major impact on OS. Similarly, a small randomized trial testing in 92 patients another locoregional strategy, the percutaneous hepatic perfusion with melphalan against systemic treatment, did not show any improvement in OS [21] . The known prognostic factors like PS or LDH level have had a major influence on OS in our study too, and were quite well balanced between both arms. The treatment comparisons did not change even when adjusted for an increase prevalence of LDH ≥ 2 × ULN in the HIA arm. Some biological characteristics, i.e. the presence of a [16] , or the intratumoral immune status [22] , might have influenced these results. The treatment could be given on an outpatient basis in both arms reflecting the lack of major toxicity. In the IV arm, the toxicity was hematological without any increased risk of bleeding or infection compared with the HIA arm. In the latter, the morbidity was related mainly to catheter or hepatic arterial complications and liver toxicity that was the cause of treatment discontinuation in 11 patients (17%). This catheter complication rate correlated with the finding of similar multi-institutional studies in uveal or colorectal cancer [23] . In conclusion, despite an improved antitumor efficacy as noticed by an enhanced RR and an improved PFS, the HIA fotemustine did not increase the OS of UM patients with liver metastases only. We propose to consider intrahepatic treatment as an experimental approach that may not be appropriate as a single modality. But its combination with systemic targeted therapies, like MEK inhibitors that have recently demonstrated promising efficacy in UM [24] , might be considered in future studies, similarly to what has been shown in other diseases [25] [26] [27] .
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